1. Introduction
===============

Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver and is the third cause of cancer-related deaths. In China, the estimated incidence of new cases is 22.3 per 100,000 and the mortality rate is 21.4 per 100,000 each year.^\[[@R1]\]^

Among the several HCC staging systems proposed, the Barcelona Clinic Liver Cancer (BCLC) system is the only one recommended by the American Association for the Study of Liver Diseases (AASLD) and the European Association for the Study of the Liver (EASL),^\[[@R2],[@R3]\]^ which recommends hepatic resection (HR) only for patients with early-stage HCC (BCLC stage A). In the most recent reviews concerning the BCLC staging system,^\[[@R4],[@R5]\]^ patients with single tumor \>5 cm in diameter are classified as having stage A disease and are considered as suitable candidates for HR. For multiple tumors, they are likely to be in the same hepatic section or different hepatic sections. Therefore, we investigated, in our recent serial studies,^\[[@R6],[@R7]\]^ that the impact of the tumor anatomical location on HR outcomes in HCC patients with multifocal tumors meeting the Milan criteria. Similarly, as the tumor size increases, the chance of locating in different hepatic sections for the single HCC also increases. However, there are very few studies, to the best of our knowledge, investigating the tumor anatomical location on HR outcomes in HCC patients with a single tumor. The influence of the anatomical location of single large HCC on outcomes following HR is still unclear.

To clarify this issue, we exclusively compared the short- and long-term outcomes of single large HCC patients after HR using tumors located in either same or different hepatic sections according to Couinaud\'s segmentation. In addition, we determined prognostic predictors and performed a subgroup analysis to assess the differential survival benefits associated with different locations for single tumor in these patients.

2. Methods
==========

This study was approved by the West China Hospital Ethics Committee and in accordance with the ethical guidelines of the Declaration of Helsinki.

2.1. Diagnostic criteria and definitions
----------------------------------------

The HCC diagnosis was confirmed by a histopathological examination of the surgical samples.

A single HCC tumor of \>5 and ≤10 cm in diameter is defined as large HCC^\[[@R8]\]^ and a single tumor of \>10 cm in diameter is defined as huge HCC.^\[[@R9]\]^

Clinically relevant portal hypertension (PHT) is defined as the presence of esophageal varices and/or a platelet count of \<100,000 per μL in association with splenomegaly.^\[[@R10]\]^

By using the branches of the portal vein and the location of the hepatic veins, the right liver can be divided into the right anterior section (segments 5 and 8) and right posterior section (segments 6 and 7), the left liver can be divided into the left medial section (segment 4) and left lateral section (segments 2 and 3), and the caudate lobe (segment 1) can be considered as a separate section.^\[[@R11]\]^

2.2. Patients
-------------

Figure [1](#F1){ref-type="fig"} shows inclusion and exclusion criteria for the cohort. A total of 1926 consecutive patients with HCC (not including the patients with recurrent HCC) underwent HR from January 2009 to July 2013 in our center. Of these, 797 patients who had multiple tumors were excluded. Next, 498 patients who had single tumor of ≤5 cm were excluded, and 183 patients who had single tumor of \>10 cm were also excluded. In addition, we excluded 43 patients who had macrovascular invasion. After excluding 31 patients who were lost to follow-up, 374 patients with single large HCC who underwent HR were finally enrolled in this study. They were then divided into 2 groups according to the anatomical tumor locations (Couinaud\'s segmentation): group SS (n = 171), which consisted of patients with tumor located in the same section; and group DS (n = 203), which consisted of patients with tumor located in different sections. They were monitored until March 2016 or their death, and their medical records were retrospectively reviewed.

![Flow chart of study participants. DS = different sections, HCC = hepatocellular carcinoma, HR = hepatic resection, SS = same section.](medi-96-e6246-g001){#F1}

2.3. Indications for HR
-----------------------

The indications of HR for single large HCC were the presence of an appropriate residual liver volume evaluated by computed tomography (CT) or magnetic resonance imaging (MRI). For HCC patients without cirrhosis, we considered 40% remnant liver volume after HR to be adequate. However, for cases with intermediate or advanced cirrhosis, the remnant volume should be \>50%. We also required well-preserved liver function as another necessary condition for HR. If the patient had intermediate or advanced cirrhosis with Child--Pugh B or C liver function, the HR was not performed.

2.4. Follow-up and treatment of recurrence
------------------------------------------

The follow-up exam was routinely performed in the outpatient clinic. Alpha-fetoprotein (AFP) and hepatitis B virus deoxyribonucleic (HBV DNA) measurements and abdominal ultrasonography were performed every 3 months. A contrast-enhanced CT scan was performed every 6 months. When intrahepatic recurrence was difficult to ascertain, MRI or contrast-enhanced ultrasonography were performed. The tumor recurrence was mainly based on radiographic evidence and/or the AFP level. The patients who showed tumor recurrence were treated with the following alternatives: re-resection, radio frequency ablation (RFA), salvage liver transplantation (LT), transcatheter arterial chemoembolization (TACE), sorafenib, radiotherapy, and chemotherapy.

2.5. Statistical analysis
-------------------------

The statistical software SPSS 21.0 (SPSS, Inc.) was used to analyze relevant data. Categorical data were presented as number (percent) and compared using Pearson chi-square or Fisher\'s exact test. Continuous variables were expressed as the mean ± SD and analyzed using the *t*-test. Overall survival (OS) and recurrence-free survival (RFS) rates were estimated by the Kaplan--Meier method, and differences between the two groups were determined by the log-rank test. The Cox proportional hazards model was used to test potential predictor of survival after surgery. The statistically significant variables identified by univariate analysis were then included in the multivariate analysis with proportional hazard regression. A 2-tailed *P* \< 0.05 was considered statistically significant.

3. Results
==========

3.1. Characteristics of all study patients
------------------------------------------

Baseline demographic and clinicopathologic data for all 374 patients are listed in Table [1](#T1){ref-type="table"}. There were no significant differences in age, sex, tumor size, serum levels of total bilirubin (TB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, prothrombin time (PT) and platelet count, and the percentage of serum hepatitis B surface antigen positivity, HBV DNA of \>1000 IU/mL, AFP level of \>n 400 ng/mL, the patients with Child--Pugh class A, and the patients with clinical PHT between group SS and DS (all *P* \> 0.05).

###### 

Preoperative characteristics of single large hepatocellular carcinoma patients who underwent HR.
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3.2. Short-term outcomes of all study patients
----------------------------------------------

Short-term results after surgery are summarized in Table [2](#T2){ref-type="table"}. There were more patients with intraoperative blood loss of \>1000 mL in group DS than that in group SS (5.9% vs 1.8%, *P* = 0.041). Similarly, more patients in group DS needed intraoperative blood transfusion than those in group SS (7.9% vs 2.9%, *P* = 0.038). No difference was found in duration of postoperative hospital stay between the group SS and DS. Both the 30-day mortality rate (1.2% vs 1.0%, *P* = 1.000) and 90-day mortality rate (2.9% vs 2.0%, *P* = 0.737) were not statistically different between the group SS and DS.

###### 

Short-term outcomes of single large hepatocellular carcinoma patients who underwent HR.
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R0 resection was confirmed in all patients in each group, with a mean margin width of 1.8 ± 0.7 cm in the group SS and 1.7 ± 0.7 cm in the group DS, respectively (*P* = 0.136). Postoperative complications were evaluated using the Clavien--Dindo classification.^\[[@R12]\]^ Most postoperative complications were grade I or II (Table [2](#T2){ref-type="table"}) and there were no significant differences between group SS and DS regarding the grades of postoperative complications. The degree of pathological differentiation of HCC was identified using Edmonson--Steiner classification.^\[[@R13]\]^ Most tumors were grade G3 and there were no significant differences between group SS and DS regarding the tumor grades. In addition, there was no statistical difference in microvascular invasion between the two groups.

3.3. Long-term outcomes of all study patients
---------------------------------------------

During a mean follow-up period of 41.4 ± 21.6 months (range 0.7--86.1 months), 103 (60.2%) patients in the group SS and 149 (73.4%) patients in the group DS died, respectively. OS rates were significantly better in the group SS than in the group DS: 1-, 3-, and 5-year OS rates were 91.8%, 70%, and 39.1%, respectively, for patients in the group SS versus 84.6%, 54.2%, and 27.9%, respectively, for those in the group DS (*P* = 0.001, Fig. [2](#F2){ref-type="fig"}A). Similarly, the 1-, 3-, and 5-year RFS rates were significantly higher in group SS than that in group DS (86.2%, 51.1%, and 26.9% vs 71.4%, 36.2%, and 17.7%, respectively, *P* = 0.002; Fig. [2](#F2){ref-type="fig"}B)

![The OS and RFS for patients with single large HCC located in same and different sections according to Couinaud\'s segmentation following HR. (A**)** The OS for patients with single large HCC located in same and different sections. (B) The RFS for patients with single large HCC located in same and different sections (log-rank test). HCC = hepatocellular carcinoma, HR = hepatic resection, OS = overall survival, RFS = recurrence-free survival.](medi-96-e6246-g004){#F2}

3.4. Subgroup analysis by tumor size
------------------------------------

All patients were divided into 2 subgroups according to the tumor size: SG1 (n = 246), which consisted of tumor of \>5 and ≤8 cm; and SG2 (n = 128), which consisted of tumor of \>8 and ≤10 cm. In SG1, the OS rates were significantly higher in the patients with tumor located in the same section than in those with tumor located in different sections (1-, 3-, and 5-year OS rates of 89.7%, 66.7%, and 37.6% in the patients with tumor in the same section vs 82.8%, 50.0%, and 29.9% in those with tumor in different sections, respectively, *P* = 0.018; Fig. [3](#F3){ref-type="fig"}A). Similarly, for patients in SG1, the 1-, 3-, and 5-year RFS rates were significantly higher in those with tumor located in the same section than that in those with tumor located in different sections (85.0%, 51.3%, and 24.0% vs 66.4%, 36.7%, and 18.8%, respectively, *P* = 0.028; Fig. [3](#F3){ref-type="fig"}B).

![The OS and RFS for SG1 (consisted of tumor of \>5 and ≤8 cm) patients with tumor in same and different sections after HR. (A) The OS for SG1 patients with tumor located in same and different sections after HR. (B) The RFS for SG1 patients with tumor located in same and different sections after HR (log-rank test). HR = hepatic resection, OS = overall survival, RFS = recurrence-free survival.](medi-96-e6246-g005){#F3}

In SG2, the patients with tumor located in the same section had better OS and RFS rates than those with tumor located in different sections: the 1-, 3-, and 5-year OS rates were 96.3%, 77.8%, and 42.8%, respectively, for patients with tumor in the same section versus 87.7%, 61.6%, and 24.0%, respectively, for those with tumor in different sections (*P* = 0.029; Fig. [4](#F4){ref-type="fig"}A), and the 1-, 3-, and 5-year RFS rates were 88.7%, 50.8%, and 33.2%, respectively, for those with tumor in the same section versus 80.3%, 33.8%, and 15.4%, respectively, for those with tumor in different sections (*P* = 0.021; Fig. [4](#F4){ref-type="fig"}B).

![The OS and RFS for SG2 (consisted of tumor of \>8 and ≤ 0 cm) patients with tumor in same and different after HR. (A) The OS for SG2 patients with tumor locating in same and different sections after HR. (B) The RFS for SG2 patients with tumor locating in same and different sections after HR (log-rank test). HR = hepatic resection, OS = overall survival, RFS = recurrence-free survival.](medi-96-e6246-g006){#F4}

3.5. Risk factor analysis for survival
--------------------------------------

In univariate analysis, significant risk factors for postoperative survival were age of \<60 years, PHT, AFP ≥400 ng/mL, tumor located in different sections, microvascular invasion, and tumor grade of G4 (all *P* \< 0.05; Table [3](#T3){ref-type="table"}). In multivariate analysis, the variables including age of \<60 years, PHT, AFP ≥400 ng/mL, tumor located in different sections, microvascular invasion, and tumor grade of G4 were also found to be independent predictive factors for poor postoperative survival (Table [4](#T4){ref-type="table"}).

###### 

Univariate analysis of prognostic factor for survival.
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###### 

Multivariate analysis of prognostic factors for survival.
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4. Discussion
=============

To focus on clinical HR outcomes relating to the anatomical location of single large HCC, we excluded patients who had macrovascular invasion, which could lead to poor prognosis. In addition, all patients enrolled in this study had the initial HCCs not the recurrent HCCs. We believe that the inclusion and exclusion criteria in this study could keep baseline data consistent between the two groups and may result in a more accurate analysis for outcomes. As shown in Table [1](#T1){ref-type="table"}, we found that patients with single large HCC located in same or different hepatic sections did not show any significant baseline differences.

With improvements in surgical technique and perioperative care, HR can be safely performed on patients whose tumors lie in any part of liver. Our study showed that there was no significant difference between the two groups in regard to various grades of postoperative complications (Table [2](#T2){ref-type="table"}). However, the rates of intraoperative blood loss of \>1000 mL and intraoperative blood transfusion were higher in patients with tumor located in different sections than in those with tumor in the same section. We think it may be attributed to mesohepatectomy, which facilitates en bloc resection with preservation of more functional parenchyma but may be associated with more intraoperative blood loss and transfusion because of high technical demanding and 2 transaction surfaces.^\[[@R14],[@R15]\]^

Our data suggested that patients with single large tumor located in the same hepatic section had significantly better OS and RFS than patients with tumor in different hepatic sections (all *P* \< 0.05, Fig. [2](#F2){ref-type="fig"}). The similar findings have been reported by our recent serial studies of early HCC patients with multifocal tumor meeting the Milan criteria.^\[[@R6],[@R7]\]^ However, the influence of anatomical location for single large HCC on outcomes following HR, to our knowledge, has not been reported to date. To explore further whether tumor size makes a difference to the above results, we performed a subgroup analysis by tumor size. The similar results, that patients with tumor located in the same section had better OS and RFS rates than those with tumor located in different sections, were found in the tumor of \>5 and ≤8 cm and the tumor of \>8 and ≤10 cm (all *P* \< 0.05, Figs. [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}).

To explore further the influence of different co-variables on survival, a multivariable logistic regression analysis was conducted on the entire cohort of patients. The analysis also confirmed a single large tumor locating in different hepatic sections as an independent risk predictor of postoperative survival (Table [4](#T4){ref-type="table"}). Couinaud\'s segmentation was proposed based on the distribution of the portal pedicles and the location of the hepatic veins, which is widely used in our clinical practice.^\[[@R16],[@R17]\]^ The portal vein acts an important blood supply of tumor and efferent tumor vessel in the intrahepatic spread of HCC.^\[[@R18],[@R19]\]^ Therefore, if one single large tumor is located in different hepatic sections dominated by different branches of the portal vein, then there may be more blood supplies and more chance of developing potential intrahepatic spread that could lead to more recurrence and poorer outcomes.

Our multivariate Cox modeling to identify other prognostic factors in HCC patients following HR came to similar conclusions as previous studies: patients with serum AFP levels \>400 ng/mL,^\[[@R20],[@R21]\]^ PHT,^\[[@R22]--[@R24]\]^ microvascular invasion,^\[[@R25]--[@R27]\]^ and poor tumor differentiation^\[[@R28],[@R29]\]^ had significantly worse outcomes than did other patients after HR. With the improvements in surgical technique and strict section standard, many centers have believed that HR can be performed safely on elderly patients and can provide a comparable curative effect to that in young patients.^\[[@R30]--[@R32]\]^ Furthermore, some studies showed that the elderly patients with HCC possibly had a better OS and/or RFS than that of the younger patients.^\[[@R33],[@R34]\]^ Our modeling also identified the age of \< 60 years as an independent predictor of poor long-term survival.

This study is mainly limited by its retrospective nature and a single-center experience. However, this study, to the best of our knowledge, represents the first and largest cohort to exclusively investigate the role of anatomical location profile for single large HCC on outcomes following HR, and some new findings may be vital for guiding the surgeon in choosing the optimal therapeutic strategy for the single large HCC according to the anatomical distribution of tumor. However, well-designed, long-term, randomized, controlled, prospective trials are still necessary to further confirm this new point proposed in this study.

In conclusion, this study demonstrates that the single large HCC patients who have tumor located in the same hepatic section according to Couinaud\'s segmentation may have better long-term survival and lower HCC recurrence rates than those with tumor located in different hepatic sections following HR. Some factors were observed to be associated with postoperative poor survival, such as patient with tumor located in different hepatic sections, AFP levels \>400 ng/mL, PHT, and tumor with microvascular invasion, and poor tumor differentiation.

Abbreviations: AASLD = the American Association for the Study of Liver Diseases, AFP = alpha-fetoprotein, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BCLC = Barcelona Clinic Liver Cancer, CT = computed tomography, DS = different section group, EASL = the European Association for the Study of the Liver, HBV DNA = hepatitis B virus deoxyribonucleic, HCC = hepatocellular carcinoma, HR = hepatic resection, LT = liver transplantation, MRI = magnetic resonance imaging, OS = overall survival, PHT = portal hypertension, PT = prothrombin time, RFA = radio frequency ablation, RFS = recurrence-free survival, SS = same section group, TACE = transcatheter arterial chemoembolization, TB = total bilirubin.
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